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(54) [TITLE OF THE INVENTION] 

LOW- POWER CONSUMPTION DATA TRANSFER BUS 
(57) [ABSTRACT] 
[TASK] 

Since how to divide a data transfer bus is related to a 
specific layout on an actual LSI chip, it is possible to exercise 
an effect of the bus division to the fullest in order to lower 
the power consumption and further, it is possible to increase 
the operational speed (i.e., a data transfer speed) of the bus 
than in the case that the bus is not divided. 
[SOLUTION] 

The present invention is provided with a bus switch 
circuit 3 which is connected in such a manner that one data 
transfer bus to be provided between a plurality of functional 
blocks 11 to In within a LSI is divided into three or more 
divisional buses 21 to 23 and a decoder circuit 4 which decodes 
a command signal requiring two of the above divisional buses 
on the occasion of the operation of the data transfer bus and 
controls a bus switch circuit so that two divisional buses are 
connected by the decode output. 
[WHAT IS CLAIMED IS] 

1. A low-power consumption data transfer bus comprising: 
a bus switch circuit which is connected in such a manner that 
one data transfer bus to be provided between a plurality of 
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functional blocks within a LSI is divided into three or more 
divisional buses; and 

a decoder circuit which decodes a command signal 
requiring two of the plural divisional buses on the occasion 
of the operation of the data transfer bus and controls the bus 
switch circuit so that the foregoing two divisional buses are 
connected with each other by the decode output. 

2. A low-power consumption data transfer bus according to 
claim 1, 

wherein the bus switch circuit is intensively arranged 
in a certain range on the LSI chip and further, the loads of 
the respective divisional buses are constructed in an 
unsymmetrical manner . 

3. A low-power consumption data transfer bus according to 
claim 1 or 2, 

wherein a pair of the functional blocks having the highest 
frequency of access to the data transfer bus in average among 
the plural functional blocks is connected to a pair of 
divisional buses having the lightest load among the plural 
divisional buses. 

4. A low-power consumption data transfer bus according to 
claim 1, 

wherein the low-power consumption data transfer bus 
further comprises a second bus switch circuit, which is 
connected to a portion of the divisional bus so that the portion 
of the divisional bus is further divided into three and more 
divisional buses and respective bus switch circuits are 
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arranged with dispersed on a chip of the LSI. 
5. A low-power consumption data transfer bus comprising: 
a bus switch circuit which is connected in such a manner 
that one data transfer bus to be provided between the plural 
LSIs on a printed wiring assembly, in which a plurality of LSIs 
is incorporated, is divided into three or more divisional buses; 
and 

a decoder circuit which decodes a command signal 
requiring two of the plural divisional buses on the occasion 
of the operation of the data transfer bus and controls the bus 
switch circuit so that the foregoing two divisional buses are 
connected with each other by the decode output. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FILED TO WHICH THE INVENTION PERTAINS] 

The present invention relates to a bus for transferring 
the data, which is provided between a plurality of functional 
blocks of a LSI such as a logical LSI (a large scale integrated 
circuit) and a very-large-scale integration circuit or the like 
or between a plurality of LSIs and the present invention 
particularly relates to a low-power consumption data transfer 
bus to which a low-power consumption technology is applied. For 
example, the present invention is used for a microprocessor and 
a microcontroller or the like. 

[0002] 

[PRIOR ART] 

In recent years, a LSI is frequently installed in a 
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portable appliance . Additionally, mainly, as a countermeasure 
against heat generation of a high performance LSI, demand for 
low-power consumption of a LSI and a VLSI has been remarkably 
increased. 
[0003] 

As an effective low-power consumption art, at first, it 
is cited to lower an operating power supply voltage . Generally, 
the electric power consumption in the LSI or the like is in 
proportion to square of the operating power supply voltage, so 
that the electric power consumption is lowered to 36% only if, 
for example, the operating power supply voltage is changed from 
5V as a present mainstream to 3V which has been widely used 
recently. 
[0004] 

However, in consideration of an aspect, namely, a 
competition between the manufactures, to lower the power supply 
voltage is merely an introduction to the low-power consumption 
and the low-power consumption, which is complete at all levels 
in an architecture, a function, a circuit technology and a 
process art, is required. At any level, a method is effective 
such that the circuit is not operated if not necessary (i.e., 
the current is not discharged untreatably) and a driving force 
which is superfluous in view of a specification of an operating 
speed (it is almost in proportion to a size of a transistor) 
is deleted. 
[0005] 

Generally, there is a bus capable of transferring the data 
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between a plurality of functional blocks in a LSI such as a 
microprocessor and a microcontroller or the like . In many cases, 
the foregoing bus is connected to many functional blocks to be 
lead within a wide range in an interior of a LSI chip, so that 
the low-power consumption of the bus extremely contributes to 
the low-power consumption of the entire LSI. 
[0006] 

Conventionally, as a low-power consumption art for a bus, 
there has been a bus dividing system. This system serves to 
divide original' one bus by a bus switch circuit and to operate 
it only in the case of necessary, so that a loading capacity 
to be driven is decreased in average and the power consumption 
is also decreased. 
[0007] 

However, how to divide a data transfer bus described above 
is not related to a specific layout on an actual LSI chip, so 
that it can be hardly said that the low-power consumption is 
completely realized. Alternatively, in the worst case, it is 
necessary to drive the entire load of the bus and a load at the 
opposite side of the bus switch circuit viewed from the buffer 
to drive the entire load of the bus is needed to be driven via 
the foregoing bus switch circuit. Therefore, this involves a 
problem such that the operation speed (the data transfer speed) 
of the bus is lowered than in the case that the bus is not divided. 
[0008] 

[TASK TO BE SOLVED BY THE INVENTION] 

As described above, according to the conventional data 
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transfer bus, how to divide a data transfer bus is not related 
to a specific layout on an actual LSI chip, so that it can be 
hardly said that the low-power consumption is completely 
realized. Therefore, this involves a problem such that the 
operation speed (the data transfer speed) of the bus is lowered 
than in the case that the bus is not divided. 
[0009] 

The present invention has been made taking the foregoing 
problems into consideration and an object of which is to provide 
a- low-power consumption data transfer bus capable of exercising 
an effect of the bus division to the fullest in order to lower 
the power consumption and capable of increasing the operational 
speed (i.e., a data transfer speed) of the bus than in the case 
that the bus is not divided by relating how to divide a data 
transfer bus to a specific layout on an actual LSI chip or on 
a LSI onboard circuit board. 
[0010] 

[SOLUTION FOR THE TASK] 

A low-power consumption data transfer bus according to 
a first invention comprises a bus switch circuit which is 
connected in such a manner that one data transfer bus to be 
provided between a plurality of functional blocks within a LSI 
is divided into three or more divisional buses; and a decoder 
circuit which decodes a command signal requiring two of the 
plural divisional buses on the occasion of the operation of the 
data transfer bus and controls the bus switch circuit so that 
the foregoing two divisional buses are connected with each other 



6 



by the decode output, 
[0011] 

A low-power consumption data transfer bus according to 
a second invention comprises a bus switch circuit which is 
connected in such a manner that one data transfer bus to be 
provided between the plural LSIs on a printed wiring assembly, 
in which a plurality of LSIs is incorporated, is divided into 
three or more divisional buses; and a decoder circuit which 
decodes a command signal requiring two of the plural divisional 
buses on the occasion of the operation of the data transfer bus 
and controls the bus switch circuit so that the foregoing two 
divisional buses are only connected with each other by the 
decode output . 
[0012] 

[MODE FOR CARRYING OUT THE INVENTION] 

Embodiments of the present invention will be explained 
in detail with reference to the drawings below. FIG, 1 shows 
a low-power consumption data transfer bus of a LSI according 
to a first embodiment of a first invention. 

[0013] 

In FIG. 1, on a chip 10 of a LSI (for example, a 
microcontroller) , a plurality of functional blocks 11 to 16 such 
as a CPU, a ROM, a RAM and an I/O interface or the like is 
provided. 
[0014] 

Then, a bus switch circuit 3 is provided with connected 
in such a manner that one data transfer bus to be provided between 
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a plurality of functional blocks 11 to 16 within the foregoing 
LSI is divided into three or more divisional buses 21 to 23 (in 
the present invention, three buses) . 
[0015] 

Further, a decoder circuit 4 is provided which decodes 
a command signal (for example, it is supplied from the CPU) 
requiring two of the foregoing plural divisional buses 21 to 
23 on the occasion of the operation of the foregoing data 
transfer bus and controls the foregoing bus switch circuit 3 
so that the foregoing two divisional buses are only connected 
with each other at one place by the decode output. 
[0016] 

According to the present embodiment, one bus switch 
circuit 3 and one decoder circuit 4 are provided, respectively 
and the bus switch circuit 3 is intensively arranged at one place 
in a certain range on the LSI chip 10. 
[0017] 

Then, the loads of the respective divisional buses 21 to 
23 are constructed in an unsymmetrical manner. A pair of the 
functional blocks which access the data transfer bus most 
frequently among the foregoing plural functional blocks 11 to 
16 (for example, the CPU and the ROM) is connected to one 
divisional bus (according to the present embodiment, 21) of 
which load is most light among the foregoing plural divisional 
buses 21 to 23. 
[0018] 

In other words, in FIG. 1, one divisional bus 21, to which 
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a pair of the functional blocks having the highest frequency 
of access to the data transfer bus in. average is connected, is 
constructed so that its load becomes smallest under a 
restriction of a floor layout of a plurality of functional 
blocks 11 to 16 on the LSI chip 10. 
[0019] 

Alternatively, the load of the divisional bus consists 
of a load by wiring, a load of an output buffer of a functional 
block for outputting the data to the divisional bus and a load 
of the input buffer of the functional block which receives the 
data from the divisional bus. 
[0020] 

Alternatively, the access frequency of the functional 
block to be connected to the divisional bus is defined in units 
of a pair of the functional block to output the data to the 
foregoing divisional bus and the functional block to receive 
the data from the foregoing divisional bus and the data with 
respect to the access frequency is obtained by allowing the LST 
to operate in a simulation. 
[0021] 

In a constitution shown in FIG. 1, if the access frequency 
of a ith divisional bus is represented as Fi and its load is 
represented as Li, the entire power consumption P is in 
proportion to S = 2 Fi ■ Li. Therefore, it is considered to 
minimize the foregoing 2 Fi • Li. 
[0022] 

In this case, assuming that 1 = 2 Fi and the access 
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frequency of the divisional bus of the lower number is higher 
than the access frequency of the divisional bus of the higher 
number, Fi>F(i + 1) is established. 
[0023] 

In the next place, a procedure for performing the bus 
division, which is almost most appropriate for the low-power 
consumption, will be. explained below. At first, a pair of the 
functional blocks (a first pair of functional blocks) having 
the highest access frequency (a first access frequency) Fl is 
connected to a first divisional bus 21 . Then, as taking account 
of a floor layout on the LSI chip 10, this first pair of 
functional blocks is laid out so that the load of the first 
divisional bus 21 becomes the smallest. 
[0024] 

After that, it is considered whether a pair of functional 
blocks (a second pair of functional blocks) having the access 
frequency (a second access frequency) f which is higher next 
to the foregoing highest access frequency Fl is connected to 
the first divisional bus 21 or to a second divisional bus 22. 
However, if the foregoing two kinds of functional blocks (the 
first pair of functional blocks and the second pair of 
functional blocks) are almost independent with each other, it 
is known by intuition that the second pair of functional blocks 
may be connected to the second divisional bus 22. 
[0025] 

Therefore, it is herein considered that one block of the 
second pair of functional blocks (for example, the CPU) is the 
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same as any one block of the first pair of functional blocks. 
In this case, it is assumed that a load of the first divisional 
bus 21 in the case that the existence of the second pair of 
functional blocks is not considered (however, it is assumed that 
an area to be laid out is secured) is represented as LI, the 
access frequency of the second divisional bus 22 is represented 
as F2, its load is represented as L2 and a load of other one 
block of the second pair of functional blocks is represented 
as LI . 
[0026] 

Alternatively, it is assumed that a load to be increased 
in the case that other one block of the second pair of functional 
blocks is connected to the first divisional bus 21 is 
represented as 11 and a load to be increased in the case that 
other one block of the second pair of functional blocks is 
connected to the second divisional bus 22 is represented as 12. 
[0027] 

At this moment, an amount in proportion to the consumption 
power to be increased in the case that the second pair of 
functional blocks is tentatively connected to the first 
divisional bus 21 is expressed by 

SI = (Fl + f) • (LI + 11) + F2 (LI + L2) . 

[0028] 

On the contrary, an amount in proportion to the 
consumption power to be increased in the case that the second 
pair of functional blocks is connected to the first divisional 
bus 22 is expressed by 
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S2 = Fl • LI + (F2 + f ) • (LI + L2 + 12) . 
Accordingly, a condition that the power consumption is lower 
in the case that the second pair of functional blocks is 
connected to the second divisional bus 22 is expressed by 

10S2 - SI < 0, namely, 

(F2 + f) ■ 12 + f ■ L2 - (Fl + f) • 1K0, 
f • (L2 + 12 .- 11)<F1 • 11 - F2 - 12. 
In the case that the foregoing conditions are met, it is found 
that it is advantageous for the power consumption when the 
second pair of functional blocks as a subject is connected to 
the second divisional bus 22. 
[0029] 

By repeating the procedures as same as the above, a bus 
having a power consumption which is almost smallest in totally 
is constructed. Additionally, it should be noted that the above 
described procedure indicates one of some methods in order to 
construct a bus having a power consumption that is almost 
smallest in totally. It is often the case that the difference 
between the functional block pair having the higher access 
frequency and the functional block pair having the lower access 
frequency is obvious in an actual icon or the like. Therefore, 
it can be expected that the LSI attains the power consumption 
which is almost smallest without many difficulties even if an 
architect of the LSI architects the low-power consumption data 
transfer bus in accordance with the above mentioned procedure 
by trial and error in consideration of a floor layout on the 
LSI chip 10. 
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[0030] 

However, in the case that there is not much difference 
in the access frequency of each functional blocks pair, it is 
feared that it becomes very hard to obtain the above mentioned 
smallest solution of the power consumption by labor. In order 
to obtain the smallest solution exactly, it may be necessary 
to use a mathematical technique for obtaining the minimum 
solution. In this case, since there are many parameters to be 
optimized, a very small solution is obtained. Therefore, it 
is desirable to use a simulated annealing method whereby a 
solution that approximates the smallest solution is easily 
found. 
[0031] 

Alternatively, if there are restrictions in the 
operational speed of the bus, the restrictions are necessary 
to be considered. However, as described above, the bus switch 
circuit 3 is intensively arranged at one place so that the 
desirable two kinds of divisional buses only meet the 
operational conditions, so that the above restrictions are 
simply represented. In other words, the low-power consumption 
data transfer bus may be architected so that the higher limit 
of the load to meet Li + Lj < the operational speed of the bus 
can be met with respect to all LI and all Lj (i is different 
from j ) . 
[0032] 

After all, according to the low-power consumption data 
transfer bus of the LSI according to the first embodiment as 
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described above, it is possible to exercise an effect of the 
bus division to the fullest in order to lower the power 
consumption and to increase the operational speed (i.e., a data 
transfer speed) of the bus to some extent than in the case that 
the bus is not divided by relating how to divide a data transfer 
bus to a specific layout on the actual LSI chip 10. 
[0033] 

FIG. 2 shows one specific example for one bit of the bus 
switch circuit 3 shown in FIG. 1 . In FIG. 2, a first CMOS switch 
circuit 31 is connected between the first divisional bus 21 and 
the second divisional bus 22, a second CMOS switch circuit 32 
is connected between the second divisional bus 22 and the third 
divisional bus 23 and a third CMOS switch circuit 33 is connected 
between the third divisional bus 23 and the first divisional 
bus 21. 
[0034] 

Alternatively, as the foregoing first CMOS switch circuit 
31, a transmission gate consisting of a first PMOS transistor 
PI and a first NMOS transistor Nl is used, as the second CMOS 
switch circuit 32, a transmission gate consisting of a second 
PMOS transistor P2 and a second NMOS transistor N2 is used and 
as the third CMOS switch circuit 33, a transmission gate 
consisting of a third PMOS transistor P3 and a third NMOS 
transistor N3 is used. 
[0035] 

Then, a first control signal EN12 for controlling the 
connection of the first divisional bus 21 and the second 
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divisional bus 22 is supplied to a gate of the first NMOS 
transistor Nl as well as it is supplied to the first PMOS 
transistor PI after being inverted by a first inverter circuit 
34 . 

[0036] 

A second control signal EN23 for controlling the 
connection of the second divisional bus 22 and the third 
divisional bus 23 is supplied to a gate of the second NMOS 
transistor N2 as well as it is supplied to the second PMOS 
transistor P2 after being inverted by a second inverter circuit 
35. 

[0037] 

A third control signal EN31 for controlling the 
connection of the third divisional bus 23 and the first 
divisional bus 21 is supplied to a gate of the third NMOS 
transistor N3 as well as it is supplied to the third PMOS 
transistor P3 after being inverted by a third inverter circuit 
36. 

[0038] 

The foregoing respective control signals EN12 to EN31 are 
activated (according to the present embodiment, a "H" level) 
at a time when they have to connect the corresponding two 
divisional buses, respectively and they are inactivated 

(according to the present embodiment, a "L" level) at a time 
when they do not have to connect the corresponding two 
divisional buses. 

[0039] 
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Alternatively, the foregoing respective CMOS switch 
circuits 31 to 33 are not limited to the above mentioned 
transmission gate and they may be changed into other 
constitutions. Additionally, as shown in FIG. 3, in the case 
that there is no access between a group of functional blocks 
to be connected to one divisional bus 22 and a group of functional 
blocks to be connected to other divisional bus 23, the foregoing 
switch circuit is not necessary. 
[0040] 

FIG. 4 shows a low- power consumption data transfer bus 
of a LSI according to a second embodiment of the first invention. 
Compared to the low- power consumption data transfer bus shown 
in FIG. 1, according to the low- power consumption data transfer 
bus shown in FIG. 4, a portion of the divisional bus (according 
to the present embodiment, 23) is further connected to a second 
bus switch circuit 3a so that it is divided into three and more 
divisional buses 232 to 233 by the second bus switch circuit 
3a and functional blocks 17 to 20 are connected to the newly 
divided buses. The low-power consumption data transfer bus 
shown in FIG. 4 is different from the low-power consumption data 
transfer bus shown in FIG. 1 in that a second decoder circuit 
4a is provided in association with the foregoing second bus 
switch circuit 3a and respective bus switch circuits 3 and 3a 
are arranged with dispersed on a chip of the LSI. Except for 
this point, the low- power consumption data transfer bus shown 
in FIG. 4 is the same as the low- power consumption data transfer 
bus shown in FIG. 1, so that the same reference numerals as those 
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in FIG . 1 are provided in FIG. 4. 
[0041] 

According to the above described second embodiment, 
compared to the first embodiment, although the same effect is 
obtained basically, the power consumption is increased by just 
that much that the number of elements to be used is increased. 
However, in the case that the pattern area is increased if the 
bus switch circuit is arranged at one place in consideration 
of the layout on the LSI chip as the first embodiment, it may 
be decided whether the second embodiment is employed or not 
depending on trade off of the incrementation of the foregoing 
pattern area and the incrementation of the power consumption. 
[0042] 

FIG. 5 shows a low- power consumption data transfer bus 
on a LSI onboard circuit board according to an embodiment of 
the second invention. The low- power consumption data transfer 
bus shown in FIG. 5 comprises a bus switch circuit 43 which is 
connected in such a manner that one data transfer bus to be 
provided between the plural LSIs on a printed wiring assembly 
40, in which plural LSIs 41 to 46 are incorporated, is divided 
into three or more divisional buses 421 to 423; and a decoder 
circuit 44 which decodes a command signal requiring two of the 
plural divisional buses on the occasion of the operation of the 
data transfer bus and controls the bus switch circuit so that 
the foregoing two divisional buses are only connected with each 
other by the decode output. According to the above described 
embodiment of the second invention, it is also possible to 
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obtain the same effect as that of the above described first 
embodiment of the first invention by the same operation as that 
of the first embodiment of the first invention. 
[0043] 

[EFFECT OF THE INVENTION] 

As described above, according to the low-power 
consumption data transfer bus of the present invention, since 
how to divide a data transfer bus is related to a specific layout 
on an actual LSI chip or on a LSI onboard circuit board and to 
the access frequency between the functional blocks which are 
connected to the bus, it is possible to exercise an effect of 
the bus division to the fullest in order to lower the power 
consumption and further, it is possible to increase the 
operational speed (i.e., a data transfer speed) of the bus than 
in the case that the bus is not divided. 
[BRIEF EXPLANATION OF THE DRAWINGS] 
[FIG. 1] 

FIG. 1 is a block diagram for showing a low-power 
consumption data transfer bus according to a first embodiment 
of a first invention. 
[FIG. 2] 

FIG. 2 is a circuit diagram for showing one specific 
example for one bit of a bus switch circuit shown in FIG. 1. 
[FIG. 3] 

FIG. 3 is a circuit diagram in the case that the circuit 
shown in FIG. 2 includes divisional buses having no access with 
each other. 
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[FIG. 4] 

FIG. 4 is a block diagram for showing a low-power 
consumption data transfer bus according to a second embodiment 
of a first invention. 
[FIG. 5] 

FIG. 5 is a block diagram for showing a low-power 
consumption data transfer bus according to an embodiment of a 
second invention. 

[EXPLANATION OF REFERENCE NUMERALS] 

10 ... LSI chip : 

11 to 20 ... functional block 
21 to 23 ... divisional bus 

3 ... bus switch circuit 

4 ... decoder circuit 

232 to 233 ... divisional bus 
3a ... second bus switch circuit 
4a ... second decoder circuit 

40 ... LSI onboard circuit board 

41 to 46 ... LSI 

421 to 423 ... divisional bus 

43 ... bus switch circuit 

44 ... decoder circuit 
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FIG. 1 

3: bus switch 
4: decoder 

11: functional block (CPU) 

12: functional block (ROM) 

13: functional block 

14: functional block 

15: functional block 

16: functional block 

FIG . 2 

3: bus switch circuit 
21: divisional bus 
22: divisional bus 
23: divisional bus 

FIG. 3 

3: bus switch circuit 
21: divisional bus 
22: divisional bus 
23: divisional bus 

FIG. 4 

3: bus switch 
3a: bus switch 
4 : decoder 
4a: decoder 



11 : 


functional 


block 


12 : 


functional 


block 


13 : 


functional 


block 


14 : 


functional 


block 


15: 


functional 


block 


16: 


functional 


block 


17 : 


functional 


block 


18 : 


functional 


block 


19: 


functional 


block 


20: 


functional 


/block 



(CPU) 
(ROM) 



FIG. 5 

40: print wiring board 
43: bus switch 
44: decoder 



